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Fusion r e a c t o r s may r e q u i r e magnetic d i v e r t o r s t o c a r r y off plasma i m p u r i t i e s .
t o d i s t o r t f l u x l i n e s i n t h e edge of t h e plasma i n t o a configuration where they are more o r less removed from t h e plasma region. plasma w i l l follow t h e d i v e r t e d f l u x and can, i n p r i n c i p l e , be c o l l e c t e d .
This provides a mechanism t o prevent i m p u r i t i e s from t h e w a l l from reaching t h e bulk of t h e plasma and a l s o t o d i v e r t i m p u r i t i e s away from
t h e w a l l as they leave t h e plasma.
A magnetic d i v e r t o r c o n s i s t s of conductors properly arrayed This edge C o l l e c t i o n of both t h e i n c i d e n t i o n s and t h e a s s o c i a t e d h e a t f l u x
I n t h e former case, t h e i o n promises t o be a technological challenge.
c o l l e c t i o n load i s estimated t o be of t h e order of and t h e a t t e n d a n t s u r f a c e h e a t f l u x i s expected t o be i n excess of 100 Mw. The
p a r t i c l e c o l l e c t i o n load i s l a r g e l y D and T ions. Proposals f o r accomp l i s h i n g t h e s e t a s k s have involved t h e use of s o l i d hydride formers and t h e u s e of l i q u i d l i t h i u m , a l s o a hydride former. I n t h e case of t h e s o l i d , t h e f e a s i b i l i t y of t h e r e q u i s i t e number of load-unload c y c l e s
(%lo5) while maintaining good s t r u c t u r a l and h e a t t r a n s f e r p r o p e r t i e s i s doubtful.
quency and temperatures.
Also, t h e process f o r i o n removal may involve excessive f r eProposals f o r t h e use of l i q u i d l i t h i u m have e n t a i l e d gravityd r i v e n flow i n s t r o n g magnetic f i e l d and a l s o i n c o n t a c t with a s o l i d metal boundary. This s i t u a t i o n l e a d s t o excessive r e s i s t a n c e t o flow and t o i n s u f f i c i e n t v e l o c i t y . This i s because of magnetohydrodynamic (MHD) e f f e c t s a s s o c i a t e d with c u r r e n t t h a t flows through t h e s t a t i o n a r y r e t u r n path.
It h a s been proposed' t h a t d r o p l e t s of l i t h i u m formed from high v e l o c i t y j e t s b e u t i l i z e d t o accomplish t h e s e two functions.
would be formed by nozzles away from t h e l a r g e magnetic f i e l d s .
s h o r t d i s t a n c e t h e j e t s are expected t o break up.
traverse t h e s t r o n g magnetic f i e l d region and then be c o l l e c t e d i n a region removed from t h e magnetic f i e l d .
pared with t h e earlier proposals i s t h a t moving, e l e c t r i c a l l y conductive l i q u i d i s n o t i n c o n t a c t with a s t a t i o n a r y c u r r e n t r e t u r n path while t r a v e r s i n g t h e s t r o n g magnetic f i e l d .
The j e t s I n a
The drops would The e s s e n t i a l d i f f e r e n c e com-This report presents the theory to treat the motion of droplets making t h i s journey.
author provided the context for t h i s work.
The f i r s t author derived the theory and the second I 1. GEOMETRY, ASSUMPTIONS, AND GOVERNING EQUATIONS t
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The s p h e r i c a l drop of l i q u i d metal has a r a d i u s a and i s moving in t h e z d i r e c t i o n w i t h v e l o c i t y V, as i n d i c a t e d i n Fig. 1 . The coordinate system i s f i x e d i n space, and t h e c e n t e r of t h e sphere i s l o c a t e d a t t h e o r i g i n of t h e coordinate system a t t h e i n s t a n t of a n a l y s i s .
t r a n s v e r s e magnetic f i e l d i n t h e y d i r e c t i o n which varies i n s t r e n g t h i n t h e z d i r e c t i o n , By(z). 
I f t h e d i s t a n c e over which t h e magnetic f i e l d s t r e n g t h changes i s much l a r g e r than t h e r a d i u s of t h e s p h e r i c a l drop, then W e t h e r e f o r e r e t a i n only t h e f i r s t two terms i n t h i s Taylor series, 
where V i s t h e drop v e l o c i t y , which i s t h e same a t every p o i n t i n t h e drop, and k i s a u n i t v e c t o r i n t h e z d i r e c t i o n .
under t h e assumption t h a t t h e drop moves as a r i g i d body, i . e . , x' : 0, cannot i n f a c t be balanced e n t i r e l y by a p r e s s u r e g r a d i e n t . Therefore, t h e r e must be some i n t e r n a l motion r e l a t i v e t o t h e r i g i d body motion.
However, we w i l l show that t h e v e l o c i t y i n t h i s r e l a t i v e motion i s comparable t o t h e change i n drop v e l o c i t y r e s u l t i n g from t h e d r a g f o r c e on t h e drop, and t h i s i s much smaller than t h e i n i t i a l drop v e l o c i t y .
A
The body f o r c e s obtained M Therefore we assume that IV ' I 4 V and neglect V,', and we also assume that aV/at is negligible. Therefore Eq. (la) becomes
CURRENT PATHS AND VALUES
A
To describe current paths, we recognize that B = B g j , much smaller
terms being neglected, where j is a unit vector in the y direction.
Introducing this into Eq. (2) and taking the curl of this equation gives
Consider a cylindrical coordinate system (r ,e ,y) with base vectors .' a t t h e s u r f a c e , where i s an outward u n i t normal on t h e s u r f a c e . The u n i t normal can be found w i t h t h e following procedure.
i s defined by A scalar f u n c t i o n F ( r , B , y ) . = f y -(a2 -.
This f u n c t i o n e q u a l s zero on t h e drop s u r f a c e , so t h i s qurface i s a s u r f a c e of c o n s t a n t v a l u e f o r t h i s function. f u n c t i o n i s perpendicular t o t h e f u n c t i o n ' s constant value s u r f a c e s , s o
The g r a d i e n t of any scalar i s perpendicular t o t h e drop s u r f a c e .
w e o b t a i n Normalizing t o g e t u n i t l e n g t h ,
The boundary c o n d i t i o n on t h e e l e c t r i c c u r r e n t i s By ignoring the nonuniformity in the magnetic field, we have come to the conclusion that the electric current flows around cylinders which are concentric with the diameter parallel to the magnetic field, and that the current on one of these cylinders is constant, as illustrated in Fig. 3(a) .
If we were to include the nonuniformity of the field, the effect would be to distort the cylinders slightly. Where the field strength is stronger, the characteristic surface must be longer and parallel to 2, and vice versa.
the surface might look like the diagram in Fig. 3 ( b ) . current flowing around a surface is constant, so that where the magnetic field is strong and the surface is long, the current density will be small, and where the field is weak and the surface is short, the current density will be large.
product of current density and field strength, and because where the field is large the current is small and vice versa, the forces are somewhat insensitive to nonuniform field effects.
nonuniform field effects on the shape of the characteristic surfaces and on variation of current density around these surfaces will be neglected.
Thus, if B is increasing in the z direction, 
. F i r s t w e are i n t e r e s t e d i n t h e net f o r c e on t h e drop i n t h e z d i r e c t i o n because t h i s i s t h e drag f o r c e on t h e drop due t o MHD e f f e c t s . W e c a l c u l a t e h A
where L = c o s O s r -s i n t h e e n t i r e drop, w e i n t e g r a t e from 8 = 0 t o 8 = IT, from y = -(a2 -r2)l12 t o y = (a2 -r 2 ) l 1 2 , and from r = 0 t o r = a, so t h a t and Id+ = d r ( r de) dy. To i n t e g r a t e over 1 1
x cos B r de dy d r . --dz
I f t h e i n t e g r a t i o n s w i t h r e s p e c t t o y and
The r e s u l t of i n t e g r a t i n g i s Because t h e f i e l d g r a d i e n t appears squared, t h e f o r c e i s opposed t o t h e motion whether t h e f i e l d i s i n c r e a s i n g o r decreasing i n t h e d i r e c t i o n
Introducing t h e expression assumed for t h e f i e l d g r a d i e n t where t h e drop e n t e r s t h e f i e l d , we o b t a i n an expression f o r t h e change i n drop v e l o c i t y
during t h e e n t r y ,
U This i s t h e change i n t h e drop's v e l o c i t y during i t s motion from o u t s i d e t h e magnetic f i e l d t o t h e region of uniform magnetic f i e l d . decrease i n v e l o c i t y r e s u l t s during t h e d r o p ' s motion from t h e uniform f i e l d region t o a p o i n t o u t s i d e t h e f i e l d , so t h a t t h e t o t a l change i n v e l o c i t y of a drop moving a c r o s s t h e f i e l d region i s
A n equal
.
PRESSURE AND DROP DEFORMATION Equation (2), t o g e t h e r w i t h t h e r e s u l t f o r t h e Lorentz body f o r c e ,
g i v e s BO + r cos 0 -az
The second term i n t h e parentheses i s much smaller than t h e f i r s t , and w e w i l l n e g l e c t it. W e should n o t e , however, t h a t i t i s t h e second t e r m t h a t accounts f o r t h e drag f o r c e , because t h e f i r s t produces a symmetric f o r c e f i e l d with no n e t r e s u l t a n t .
comparable t o t h e drag f o r c e FZ when we n e g l e c t t h i s term.
term implies t h a t p depends on 8 , b u t because t h e electromagnetic o r Lorentz body f o r c e i s r a d i a l , i t cannot balance t h e p r e s s u r e f o r c e r-l ap/a8, and Eq. ( l a ) implies t h a t of t h e drop's v e l o c i t y . comparable t o t h e drag f o r c e , and t h e d e v i a t i o n s from t h e r i g i d body
v e l o c i t y are comparable t o t h e AV j u s t computed. I f t h e change i n t h e drop's v e l o c i t y due t o e n t e r i n g and leaving t h e f i e l d , namely AV, i s much smaller than t h e drop's v e l o c i t y V, then t h e motion i n t h e drop r e l a t i v e t o t h e d r o p ' s v e l o c i t y , namely L', i s a l s o much smaller than t h e d r o p ' s v e l o c i t y V. This j u s t i f i e s t h e assumption (made i n Sect. 1 )
Therefore w e are n e g l e c t i n g f o r c e s
The neglected i s n o t equal t o t h e constant v a l u e However, t h i s unbalanced p r e s s u r e f o r c e i s a l s o m
Neglecting t h e second term i n s i d e t h e parentheses, w e i n t e g r a t e t h e Constant pressure i n t h e drop, no MHD e f f e c t s p r e s e n t . (b) P r e s s u r e as a f u n c t i o n of r a d i a l d i s t a n c e from t h e diameter p a r a l l e l t o t h e f i e l d , MHD e f f e c t s p r e s e n t . s i n a * F t a n a k F (BZ/By) , assuming t h a t c1 i s small.
Since B = 0 a t t h e plane of symmetry, taken h e r e as t h e y = 0 Z plane, we can determine BZ from I n t h e drop blanket of thickness T shown i n Fig. 12 , t h e l a r g e s t e f f e c t w i l l be f e l t by t h e drop a t t h e edge of t h e drop blanket.
t h a t a B /az i s t h e same as aBo/az, then we can estimate B of t h e b l a n k e t as I n t e g r a t i o n gives where Ay i s t h e displacement of a drop a t t h e edge of t h e b l a n k e t away from t h e o t h e r drops and T i s t h e t i m e spent i n t h e nonuniform f i e l d region. Because
where L i s t h e l e n g t h of t h e nonuniform f i e l d region, as b e f o r e , and expressions f o r m and F have been given, we o b t a i n
ZO
As a drop enters the magnetic field, it will move away from the plane of symmetry by this displacement, and as it leaves the magnetic field, it returns to its original distance from the plane of symmetry.
shown schematically in Fig. 13 . ?!
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